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(5 7) Abstract: 

PROBLEM TO BE SOLVED: To provide a transmitter 
which can compensate for nonlinear characteristics of a 
power amplifier and for errors in quadrature modulation, 
performed by an analog orthogonal modulator 
automatically. 

SOLUTION: This transmitter is provided with a digital 
partial demodulator, a quadrature modulation error 
detecting part and a quadrature modulation error 
compensating part, which are composed as a block 
figure in the figure 1. This transmitter detects 
quadrature modulation error, such as an amplitude 
deviation and DC offset caused by an analog quadrature 
modulator and compensates for them automatically. 
Additionally, the transmitter comprises a signal level 
detection part, an interpolation part, a memory part and 
a complex multiplication part are provided, and detects 
nonlinear characteristics caused by power amplifier and 
compensates them automatically. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS * > ' t ' 



[Claim(s)] 

[Claim 1] The transmitter characterized by having the nonlinear compensating circuit which 
compensates the nonlinear characteristic of said power amplifier by detecting the output signal 
of power amplifier using the First Bureau section demodulator, computing the ratio of an input 
signal and this output signal, and giving the non-linearity of a reverse property to said input 
signal. 

[Claim 2] The transmitter characterized by detecting and compensating the quadrature 
modulation error of said output signal of said quadrature modulation machine by having a 
quadrature modulation machine and the Second Bureau section demodulator, restoring to the 
output signal of said quadrature modulation machine in said nonlinear compensating circuit of a 
transmitter according to claim 1, and comparing with said input signal. 

[Claim 3] The transmitter characterized by the ability to change the input path to this local 
demodulator that shared and shared said First Bureau section demodulator and said Second 
Bureau section demodulator with one local demodulator in said nonlinear compensating circuit of 
a transmitter according to claim 1 or 2 to arbitration. 

[Claim 4] The level detecting element which computes the square root of the sum of squares of 
the inphase component (XI) and quadrature component (XQ) of said input signal to said power 
amplification section, and asks for the level (p) of said input signal in said nonlinear compensating 
circuit of a transmitter according to claim 2 or 3, The data input section which acquires the 
inphase component of said input signal, a quadrature component, and the inphase component (YI) 
and quadrature component (YQ) of said output signal, By having the first storage section which 
memorizes the input signal which this data input section acquired, and an output signal, and 
performing interpolation from the data memorized in said first storage section The first 
interpolation section which computes the input signal over two or more input signal level defined 
beforehand, and an output signal, The reverse property count section which calculates the 
reverse property of the nonlinear characteristic of said power amplifier according to the input 
signal level defined beforehand from the input signal data computed by this first interpolation 
section and output-signal data, The second storage section which memorizes the reverse 
property data called for by this reverse property count section, The second interpolation section 
which computes the reverse property data corresponding to each of the input signal level 
detected by said level detecting element by interpolation from the reverse property data 
memorized in this second storage section, The transmitter characterized by constituting from a 
complex multiplier which carries out the product of the reverse property data for which it asked 
in this second interpolation section to said input signal, and performs nonlinear compensation 
actuation. 

[Claim 5] The transmitter which made said input signal level defined beforehand the central value 
pi of the input level which carried out N division of the level range from 0 to the maximum level 
(pmax) at equal intervals in said nonlinear compensating circuit of a transmitter according to 
claim 4, and was characterized by performing count of said reverse property count section, and 
the stored data of said second storage section only with the central value of an input level. 
[Claim 6] The input signal level for which it asked in said nonlinear compensating circuit of a 
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transmitter according to claim 4 by the input signal data acquired in said data input section and 
the level detecting element is delayed. Have the first signal delay section which performs the 
output-signal data and time amount doubling of said data input section, and the value of the 
input signal level p for which it asked receives said input-level central value pi (pi=ideltap). The 
input signal level p in the range of deltap<p<(i+0.5) deltap (i-0.5) And at the same time it writes 
in input signal data (XI, XQ, YI, YQ) as i— th data of said first storage section The transmitter 
characterized by transmitting data to said first interpolation section when the flag Fi which 
shows that data were written in is set and all the flags are set. 

[Claim 7] It is the transmitter characterized by comparing the newly obtained data with the 
entry-of^data signal level currently written in, and carrying out record-keeping of the data of the 
direction near the input-level central ? v|H.ue.pi : (pi=ideltap) when the data with which said 
nonlinear compensatirignciscuit^ data input section in the transmitter 

according to claim 4 were already written in said first storage section. 

[Claim 8] the transmitter characterized by for said first interpolation section using Lagrange's M 
degree interpolation polynomial for interpolation, carrying out reading appearance of pj, XI, XQ, 
YI, and the YQ from said first storage section, and calculating each I / O data value over the 
input-level central value pi by said Lagrange's M degree interpolation polynomial in said nonlinear 
compensating circuit of a transmitter according to claim 4. 

[Claim 9] It is the transmitter characterized by inputting the I / O data value (XI, XQ, YI, YQ) in 
the input-level central value pi which asked for said reverse property count section in said first 
interpolation section in said nonlinear compensating circuit of a transmitter according to claim 4, 
and storing the reverse property data al and aQ in this input-level central value pi (i= 0 - N) in 
said second storage section. 

[Claim 10] It is the transmitter characterized by making it operate after saving the data with 
which said nonlinear compensating circuit is memorized by said first storage section and the 
second storage section in the transmitter according to claim 4 at the time of termination of a 
circuit of operation and initializing preservation data in the first storage section and the second 
storage section at the time of a restart of operation. 

[Claim 11] In a transmitter according to claim 4 said nonlinear compensating circuit the input- 
level central value (i=1-M — ) of M individual which sandwiches the input signal level p detected 
by said level detecting element The reverse property data to pKp<pi are read from said second 
storage section. The transmitter characterized by performing nonlinear compensation actuation 
by constituting said second interpolation section so that the reverse property data (al, aQ) to 
the input signal level p may be calculated with interpolation, and carrying out complex 
multiplication of said reverse property data to an input signal (XI, XQ) by said complex 
multiplication section. 

[Claim 12] It is the transmitter characterized by carrying out frequency conversion of the carrier 
frequency of said quadrature modulation machine so that the carrier frequency of the modulating 
signal which said quadrature modulation machine constitutes said local demodulator in digital one 
in a transmitter according to claim 2 to 4, and returns to said local demodulator may become 
equal to one fourth of the sampling frequencies of said local demodulator. 

[Claim 13] It is the transmitter characterized by constituting so that said quadrature modulation 
machine may realize the rectangular recovery carrier signal to the feedback input signal to said 
local demodulator in a transmitter according to claim 2 to 4 by the change of the polarity 
reversals of said feedback input modulating signal, and a signal selecting switch and it may 
restore to an inphase and a rectangular recovery signal component with a digital low pass filter. 
[Claim 14] It is the transmitter characterized by normalizing so that said quadrature modulation 
machine may perform the subcarrier synchronization of said local demodulator and quadrature 
modulation machine by the phase shift of a feedback input modulating signal and the amplitude of 
the recovery signal of said local demodulator may become the same as that of the amplitude of a 
modulating signal in a transmitter according to claim 2 to 4. 

[Claim 15] In a transmitter according to claim 2 to 4 said quadrature modulation machine The 
register which memorizes the amplitude value of the inphase component and quadrature 
component of the recovery output signal of said local demodulator, Only the number of the 
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points arranging [ modulating-signal ] prepares the flag which shows the existence of whether 
data are memorized to this register. Whenever the recovery signal of said local demodulator is 
acquired, the signal point which records in said data register and is in the zero of a modulating- 
signal coordinate plane in a point symmetric position is made into a pair. The transmitter which 
initialized said data register while computing the average value of the two data, and was 
characterized by detecting the direct current offset generated with said quadrature modulation 
vessel with the average value when the existence of the data which serve as a pair with said 
data register was investigated and there were pair data. 

[Claim 16] Said quadrature modulation machine is the transmitter which arbitration carried out 
the time average of said detected direct-current-offset value with said digital low pass filter in 
the transmitter according to claim 2 to 4, and was characterized by having the rectangular error 
compensation sectiqniv^ clirect current offset which inputs the acquired 

direct-current-offset value and is generated with said quadrature modulation vessel. 
[Claim 17] In a transmitter according to claim 2 to 4 said quadrature modulation machine From 
an inphase component (I) and a quadrature component (Q) before the amplitude deflection (b) of 
an inphase component expressing the quadrature modulation error which said quadrature 
modulation machine generates the rectangular leak (a) from which an inphase component leaks 
to a quadrature component and inputting into the inphase component (i), the quadrature 
component (q), and said modulator of said local demodulator output rectangular cross leak a=(q- 
Q)/I Amplitude deflection Transmitter characterized by detecting the quadrature modulation 
error to produce with said quadrature modulation vessel an operation as b=i/L 
[Claim 18] It is the transmitter which said quadrature modulation machine carried out the 
arbitration time average of said rectangular leak which said quadrature modulation machine 
generates with said digital low pass filter in the transmitter according to claim 2 to 4, and was 
characterized by compensating the rectangular leak produced with said quadrature modulation 
vessel by inputting the acquired rectangular leak compensatory signal into said quadrature 
modulation machine. 

[Claim 19] It is the transmitter which said quadrature modulation machine carried out the 
arbitration time average of said amplitude deflection which said quadrature modulation machine 
generates with said digital low pass filter in the transmitter according to claim 2 to 4, and was 
characterized by inputting the acquired value into said rectangular error compensation section, 
and compensating the amplitude deflection produced with said quadrature modulation vessel. 
[Claim 20] the integrator with which said quadrature-modulation machine consists of shift 
registers at least in a transmitter according to claim 2 to 4 — ** — the transmitter 
characterized by to make it operate after setting said data value which was equipped with the 
third storage section, shunted the data value of said digital low pass filter and said shift register 
in said third storage section at the time of termination of said rectangular error compensation 
section of operation, and shunted at the time of a restart of operation as said shift register, 
respectively. 

[Claim 21] It is the transmitter characterized by having the second signal delay section which 
performs time amount doubling of the signal which inputs said quadrature modulation machine 
into said rectangular error compensation section in a transmitter according to claim 1 to 3, and 
the signal inputted from said local demodulator. 

[Claim 22] The transmitter characterized by having the control section which performs change 
actuation for each compensation actuation by arbitration time amount in said nonlinear 
compensating circuit of a transmitter according to claim 3, and said quadrature modulation error 
compensation section. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

____ 

DETAILED DESCRIPTION * 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the circuit which compensates the nonlinear 
characteristic of the power amplifier used for a digital walkie-talkie, and the circuit which 
compensates the quadrature modulation error of an analog quadrature modulation machine. 
[0002] 

[Description of the Prior Art] The importance of the technique of nonlinear distorted 
compensation of power amplifier, a quadrature modulation machine, etc. has been increasing with 
digitization of a walkie-talkie. It roughly divides into the method of a compensation technique, 
and there are a feedforward method, a feedback method, and a PURIDISU torsion method as it. 
Among these, the example which used the analog quadrature modulation machine and the analog 
rectangular cross demodulator for the PURIDISU torsion method is shown in drawing 2 , and the 
example which used the digital quadrature modulation machine and the digital rectangular cross 
demodulator for the PURIDISU torsion method is shown in drawing 3 . 

[0003] Each component inputted in drawing 2 from the inphase component input edge (XI) 201 
and the quadrature component input edge (XQ) 202 is inputted into the complex multiplication 
section 203 and the reverse property calculation section 204. The inphase component outputted 
from the complex multiplication section 203 is inputted into the quadrature modulation machine 
207 through the digital-to-analog (DA) converter 205 for inphase components. The vertical 
component similarly outputted from the complex multiplication section 203 is inputted into the 
quadrature modulation machine 207 through DA converter 206 for vertical components. The 
signal outputted from the quadrature modulation machine 207 is inputted into the analog local 
demodulator 210 and the RF outgoing end 209 through power amplifier 208, and is outputted 
from the RF outgoing end 209. 

[0004] The inphase component outputted from the rectangular demodulator 210 is inputted into 
the reverse property calculation section 204 through the analog digital (AD) converter 211 for 
inphase components. The vertical component similarly outputted from the rectangular 
demodulator 210 is inputted into the reverse property calculation section 204 through A-D 
converter 212 for vertical components. The inphase component compensatory signal and vertical 
component compensatory signal which were outputted from the reverse property calculation 
section 204 are inputted into the complex multiplication section 203. The frequency-conversion 
section which changes a baseband band into RF band omits. 

[0005] Hereafter, the principle of operation in drawing 2 is explained. The nonlinear characteristic 
of power amplifier 208 is given as a function of the input signal level p from the analog 
quadrature modulation machine 207 (p2=XI2+ XQ2, being here XI the inphase component of a 
signal and XQ quadrature component of a signal). Generally the amplitude nonlinear 
characteristic of power amplifier shows the inclination for the output level of an output signal Y 
to decline, to the increment in input-level p of an input signal X. Therefore, in order to acquire an 
output signal Y, the signal of X[ not X=Y but ]' must be inputted. In order to acquire X\ the 
reverse property of power amplifier 208 is searched for, and it is obtained by substituting signal 
level p of an input signal X for this. 
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[0006] It gets over with the rectangular demodulator 210, and analog-to-digital conversion of the 
output signal Y from power amplifier 208 is carried out in A-D converter 211,212, and it is 
inputted into the reverse property calculation section 204 as YI+jYQ (YI is the inphase 
component of a signal and YQ is the vertical component of a signal). Similarly, an input signal X 
is inputted into the reverse property calculation section 204 as XI+jXQ, and calculates reverse 
property X/Y. Input-level p is substituted for the reverse property searched for, and nonlinear 
compensation value al+jaQ is calculated, and in the complex multiplication section 203, complex 
multiplication of this is carried out to an input signal X, and it asks for nonlinear compensatory- 
signal X\ Nonlinear compensatory-signal X' is inputted into the quadrature modulation machine 

207 through DA converter 205,206 Jbr every component, and is outputted from power amplifier 

208 as Y by which nonjine^^^ out. Moreover, since the reverse property 
of power amplifier 208 is continuously monitored through 210, even if the property fluctuation 
resulting from temperature fluctuation of power amplifier 208 etc. arises, it can follow. 

[0007] Each component inputted in drawing 3 from the inphase component input edge (XI) 201 
and the quadrature component input edge (XQ) 202 is inputted into the complex multiplication 
section 203 and the reverse property calculation section 204. Each signal from the complex 
multiplication section 203 is inputted into the digital quadrature modulation machine 301. The 
signal outputted from the digital quadrature modulation machine 301 is inputted into A-D 
converter 304 and the RF outgoing end 209 through DA converter 303 and power amplifier 208, 
and is outputted from the RF outgoing end 209. The signal outputted from A-D converter 304 is 
inputted into the reverse property calculation section 204 through the digital local demodulator 
302. The inphase component compensatory signal and vertical component compensatory signal 
which were outputted from the reverse property calculation section 204 are inputted into the 
complex multiplication section 203. About actuation of drawing 3 , also in a digital method, basic 
actuation is the same as that of an analog, and, as for a different point, a quadrature modulation 
machine and a local demodulator perform digital processing. 

[0008] It is the approach of dividing the nonlinear characteristic of power amplifier into a fixed 
part and a changed part, and compensating a fixed part with the reference table created in 
advance, it considering the difference in the property of a fixed part and the actual condition as 
a changed part in two conventional examples mentioned above, and performing compensation 
actuation. Moreover, a changed part of a nonlinear characteristic is approximated by the 
secondary approximate polynomial, and it is asking for the approximation multiplier from the least 
square error algorithm. 
[0009] 

[Problem(s) to be Solved by the Invention] In the above-mentioned conventional example, since 
huge storage capacity is needed when storage etc. performs all the reverse properties of the 
nonlinear characteristic of power amplifier, a reverse property is divided into a fixed part and a 
changed part, and storage is used a fixed part. However, the nonlinear characteristic of power 
amplifier must improve the resolution of input signal level, in order to realize the reverse 
property of a nonlinear characteristic with a sufficient precision, since it is the function of input 
signal level. Therefore, at least fixed reverse property data need huge storage capacity. When 
searching for a changed reverse property furthermore, the nonlinear characteristic of power 
amplifier is approximated and searched for by the polynomial, but in order to make convergence 
quick, the approximation order of a polynomial will have to be made low, and the approximation 
precision of a nonlinear characteristic will fall. Moreover, a fixed reverse property must measure 
the nonlinear characteristic of power amplifier beforehand, and must write it in the storage for 
reference. A measuring circuit other than the above-mentioned nonlinear compensating circuit is 
required for this actuation, the storage for reference must be created for each power amplifier of 
every, and since the normal operation of a walkie-talkie is improper for in between [ while 
performing this actuation ], it has a fault, like a preparatory work is needed in advance. 
[0010] Next, when using an analog quadrature modulation machine like the conventional example, 
it is difficult to make rectangular phase contrast into 90 degrees according to the individual 
difference of a circuit element at accuracy. It is difficult to double the amplitude of an inphase 
component and a quadrature component with accuracy similarly. Furthermore, although the dc 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web^cgi_e]je 



2006/01/23 



THIS PAGE BLANK (uspto) 



JP,2002-077285,A [DETAILED DESCRIPTION] 3/6 ^— v 



component of a modulating signal must be 0, direct current offset occurs with the deflection of a 
circuit element etc., and when a quadrature modulation machine and a local demodulator have by 
carrying out an analog form, it has the fault of both analog-error being intermingled. 
[0011] When using a digital quadrature modulation machine, since a sampling frequency becomes 
about 1/4 to carrier frequency, a high-speed DA converter is needed. Moreover, when transmit 
frequencies are high frequency, frequency conversion is needed, and since the steep band-pass 
filter for removing the leak from an image signal and a station is needed, a surrounding analog 
circuit becomes large-scale. Furthermore, in order to have to make a sampling frequency, a 
modulation data rate, and carrier-frequency, into integer ratio in digital processing, there is a 
fault in which the degree of freedom of a design" is restrained. 

[0012] The object of this invention removes the above faults, detects a quadrature modulation 
error, direct current offset, etc. which an analog quadrature modulation machine generates 
accommodative, offers the quadrature modulation machine which a quadrature modulation error 
does not generate by compensating them, and offers the nonlinear compensating circuit in which 
high-speed operation with the small circuit magnitude using this quadrature modulation machine 
is possible. Furthermore, the transmitter which offers the quadrature modulation machine in 
which a rectangular error compensation is possible, and compensates a quadrature modulation 
error and direct current offset, without needing a detecting signal special for detection of a 
quadrature modulation error etc., and performs nonlinear compensation is offered. 
[0013] 

[Means for Solving the Problem] In order to detect and compensate the direct current offset 
which the transmitter of this invention generates with an analog quadrature modulation vessel in 
order to attain the above-mentioned object, a rectangular amplitude error, and a rectangular 
phase error, it considers as the configuration incorporating a digital local demodulator. In order to 
attain the above-mentioned object, this invention is equalizing the data to the modulating-signal 
point which is in a point symmetric position to the zero of a modulating-signal point coordinate, 
and performs error detection by the signal at the time of the normal operation of a modulator. 
[0014] This invention searches for a highly precise reverse property in calculation of the reverse 
property of power amplifier by calculating directly the I / O data acquired not using the 
approximation, in order to attain the above-mentioned target. The data which a nonlinear 
characteristic is expressed as a function of input signal level, and the amplitude and a phase can 
acquire are the inphase component and quadrature component of an I/O signal, and reverse 
property data are also an inphase component and a quadrature component. Therefore, not 
conversion but an operation performs an amplitude phase component and an inphase quadrature 
component. In order that this invention may attain the above-mentioned target, it calculates a 
reverse property to no signal level, but performs a reverse property operation only at the 
representation point of the signal level selected beforehand, and computes by carrying out 
interpolation processing of the reverse property in a signal level representation point about other 
signal level. Moreover, also in case I/O signal level is acquired, the representation point of I/O 
signal level is used and other I/O signal data are computed by interpolation processing. 
[0015] As mentioned above, it can consider that all the errors that did not generate the 
modulation error by the local demodulator, but were detected because the transmitter of this 
invention makes a local demodulator a digital configuration are the things resulting from an 
analog quadrature modulation machine, and the error of an analog quadrature modulation 
machine and compensation can be performed, without using a special detecting signal. Therefore, 
since all of detection of a modulation error and compensation can carry out in digital one, 
magnitude of an analog circuit can be made small. Since shunting to the storage section of the 
compensation value of a modulation error can carry out easily by furthermore performing digital 
processing, it reads from the storage section at the time of the restart of a transmitter of 
operation, and improvement in the speed of compensation actuation of an analog quadrature 
modulation error can be attained by initializing. Moreover, by carrying out interpolation 
processing of the nonlinear reverse property of power amplifier, reduction of the capacity of 
storage and improvement in the speed of operation can be attained. 
[0016] 
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[Embodiment of the Invention] The example of this invention is shown in drawing 1 . In drawing 1 
R> 1, each XI from the inphase component (XI) input terminal 101 and a quadrature component 
(XQ) input terminal and XQ component are inputted into a complex multiplier 105 and the first 
signal delay section 103. Each XI and XQ component which were outputted from 103 are 
inputted into the level detecting element 104 and the data input section 106. Each signal 
outputted from the complex multiplier 105 is inputted into DA converter 114 for inphase 
components which is a converter for each signals, and DA converter 115 for quadrature 
components through the quadrature modulation error compensation section 113. Moreover, each 
signal which outputted the Qpi^plex^muiti^lier 1Q5 is inputted into the quadrature modulation 
error detecting elemental 12* / tHr6ugh the second ' signal delay section 129. The signal which 
outputted DA converter 114,115 is inputted into power amplifier 119 through the analog 
quadrature modulation machine 1 16 and the frequency mixer 1 17 by the side of a modulation. 
The signal outputted from power amplifier 1 19 is inputted into the frequency mixer 122 by the 
side of the RF outgoing end 121 and a recovery through a directional coupler 120, and is 
outputted from the RF outgoing end 121. Moreover, the signal outputted from the analog 
quadrature modulation machine 116 is inputted into the signal change section 124. 
[0017] The signal from the modulation side local oscillator 118 is inputted into the frequency 
mixer 117, and the signal from the recovery side local oscillator 123 is inputted into the 
frequency mixer 122. The signal outputted from the frequency mixer 122 is inputted into the 
local digital rectangular cross demodulator 126 through the signal change section 124 and A-D 
converter 125. Each signal which the local digital rectangular cross demodulator 126 outputted is 
inputted into the data input section 106 and the rectangular error detecting element 1 12. Each 
signal outputted from the rectangular error detecting element 1 12 is inputted into the 
rectangular error compensation section 113 and the third storage section 127, and the output 
signal from the third storage section 127 is inputted into the rectangular error detecting element 
112. 

[0018] Each signal which outputted the data input section 106 is inputted into the complex 
multiplication section 105 through the first storage section 107, the first interpolation section 
108, the reverse property count section 109, the second storage section 110, and the second 
interpolation section 111. The signal which outputted the level detecting element 104 is inputted 
into the data input section 106 and the second interpolation section 111, and the output signal 
from a control section 128 is inputted into the signal change section 124 and the rectangular 
error detecting element 112. 

[0019] The principle of operation of this invention is explained below. From drawing 1 , in the first 
signal delay section 103, XI and XQ which were inputted from input terminals 101 and 102 double 
a part for analog circuit delay and digital processing delay, carry out it, calculate input signal 
level p for the XI and XQ signal in the level detecting element 104, apply the nonlinear reverse 
property according to input signal level p with a complex multiplier 105, and perform PURIDISU 
torsion compensation. 

[0020] In the quadrature modulation error compensation section 113, PURIDISU torsion 
compensation backward signal X'l and X'Q performs rectangular error compensation, it carries 
out analogue conversion through each DA converters 114 and 115, and it is inputted into the 
analog quadrature modulation section 116. The modulated analog signal modulated in the analog 
quadrature modulation section 116 is mixed with the station dispatch number fIF of a modulation 
side local oscillator in the modulation side-frequency mixer 117, carries out frequency 
conversion to RF band signal, and is inputted into power amplifier 119. Moreover, a part of 
modulated analog signal outputted from power amplifier 116 is inputted into the signal change 
section 124. 

[0021] With a directional coupler 120, it mixes with station dispatch number fIF which becomes 
equal to one fourth of the sampling frequencies of the local digital demodulator from a recovery 
side office machine by ejection and the recovery side-frequency coupler 122, frequency 
conversion of the part is carried out to IF band signal, and the output of power amplifier 1 19 
inputs it into the signal change section 124. The signal change section 124 chooses either the 
signal from the analog quadrature modulation machine 116, or the signal from the frequency 
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mixer 122 according to control of a control section 128, and inputs it into A-D converter 125. 
[0022] The modulating signal which carried out digital conversion by A-D converter 125 is 
changed into an output inphase component (YI) and an output quadrature component (YQ) in the 
local digital rectangular cross demodulator 126, and each of that YI and YQ signal are inputted 
into the data input section 106 and the quadrature modulation error detecting element 112. 
[0023] In the data input section 106, p, XI, XQ, YI, and YQ are inputted and data are written in 
the storage region of the input-level central value pi (pi=(i/N) pmax, i= 0 - N) of the nearest 
arbitration of the first storage section 107. When all the storage regions of the first storage 
section 107 are written in, in the first interpolation section 108, interpolation processing of the 
data of the first storage section 107 is carried out, and each data value (XI, XQ, YI, YQ) 
corresponding to an input level is calculated. Moreover, also in the reverse property count 
section 109, the inphase component C^I)5;an*d quadrature component (aQ) of a nonlinear reverse 
property in the input-level central value pi are computed, and it writes in the second storage 
section 110. In the second interpolation section 111, al in the input-level central value pi written 
in the second storage section 110 and aQ are interpolated, and the nonlinear reverse property 
corresponding to the input signal level p detected by 104 is computed. The nonlinear reverse 
property over the input signals XI and XQ searched for as mentioned above is inputted into 105, 
PURIDISU torsion nonlinear compensation actuation is performed, and PURIDISU torsion 
compensation backward signal X'l and X'Q are outputted. 

[0024] The example about the data input section 106 of drawing 1 is explained using drawing 4 
and drawing 5 . every inputted in drawing 4 from the inphase component (XI) input edge 401 and 
the quadrature component (XQ) input edge 402 — XI and XQ perform the output inphase 
component (YI) and output quadrature component (YQ) which are inputted through the local 
digital rectangular cross recovery section 407 from the output-signal input edge 406, and time 
amount doubling in the first signal delay section 403. XI and XQ which performed time amount 
doubling are inputted into a level detecting element, and ask for input signal level p. p takes the 
any value between maximum input level pmax(es) from 0, and carries out N division of the 
fluctuation range of the input signal level p at equal intervals (deltap=pmax/N and N are an 
integral value). Moreover, the first storage section 408 divides the storage region into the 
individual (N+1) from 0 to N like drawing 5 . 

[0025] The flag F which shows that the value of the input signal level p was judged, each value 
(p, XI, XQ, YI, YQ) used as delta(i-O.S) p<p<(i+0.5) deltap was stored in the i-th storage region of 
the first storage section 408, and data were stored by the first storage section control circuit 
405 is set up. When new data come to the storage region where data are already stored, old and 
new entry-of-data signal level p is compared, and it leaves the data of the direction near level 
central value pi=ideltap. The above actuation is repeatedly performed until the flag of all the 
fields of the first storage section 408 is set up. 

[0026] Next, in the rectangular error detecting element 112 of drawing 1 , X'l and X'Q which 
doubled a part for analog circuit delay and digital processing delay in the second signal delay 
section 129, YI of an output signal component, and YQ are compared, a quadrature modulation 
error is detected, and the rectangular error which inputs into the quadrature modulation error 
compensation section 113, and is generated with an analog quadrature modulation vessel is 
compensated. The principle of operation of quadrature modulation error compensation is 
explained using drawing 6 . 

[0027] In drawing 6 , each signal inputted from the inphase component (XI) input edge 601 and 
the quadrature component (X'Q) input edge 602 is inputted into the second signal delay section 
603 and the rectangular error compensation section 606. Moreover, each signal inputted from 
the output inphase component (YI) input edge 610 and the output quadrature component (YQ) 
input edge 61 1 is inputted into the amplitude normalization section 605 and the direct-current- 
offset detecting element 607. X'l and X'Q perform time amount doubling with YI and YQ in the 
second signal delay section 603, and input it into the rectangular leak amplitude deviation 
detection section 604. In the amplitude normalization section 605, YI and YQ perform a phase 
shift and equalization, and they are normalized so that the amplitude of YI, YQ and X'l, and X'Q 
may become the same. The rectangular leak (a) to which an inphase component leaks and rubs 
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YI, YQ and X'l, and X'Q to a quadrature component using the following formula in the rectangular 
leak amplitude deviation detection section 604, and the amplitude deflection (b) of an inphase 
component are detected, namely, — Rectangular leak a=(YQ-X'Q)/X'I Amplitude deflection 
b=YI/X t I [0028] Moreover, with a low pass filter etc., the arbitration time average of each 
detected signals a and b is carried out, and they input each compensation value into the 
rectangular error compensation section 606. Whenever YI and YQ are memorized for every signal 
and YI and YQ are newly obtained in the rectangular offset detecting element 607, when the 
signal point which becomes the zero symmetry on a modulating-signal coordinate plane is 
searched from the already memorized signal and the zero points of symmetry exist, the average 
of the two signals is computed and /a; directTCurrentTHoffset value is detected. Moreover, with a 
low pass filter etc., the arbitration time average of the detected value is carried out, and it is 
inputted into the rectangular error compensation section 606 as a direct-current-offset 
compensation value (di, dq). In the rectangular error compensation section 606, compensation of 
X'l and X'Q is performed using each compensation value (a, b, di, dq), and it outputs from the 
compensation result inphase component outgoing end 608 and the compensation result 
quadrature component outgoing end 609. Moreover, compaction of compensation time amount is 
aimed at by using each compensation value which each compensation value carried out storage 
maintenance at the third storage section 612, and carried out storage maintenance at the time 
of re-actuation. 

[0029] Next, change actuation of the quadrature modulation error compensation in the control 
section 128 of drawing 1 and nonlinear compensation is explained. The quadrature modulation 
error compensation actuation in this invention of drawing 1 is enough if compensation data are 
usually stored once before the send action at the third storage section of a deed. Whenever all 
the storage regions of the first storage section are buried and it is similarly completed in 
nonlinear compensation by the count of updating of data, it is not necessary to acquire the 
recovery data from the digital rectangular cross demodulator 126. Therefore, short-time 
******** of a transmitter is good in quadrature modulation error compensation actuation and 
nonlinear compensation actuation at the time of starting. At the time of the normal operation of 
a transmitter, a temperature change, secular change, etc. can be followed by performing said 
actuation by turns by the time period of arbitration. Moreover, the compensation time amount at 
the time of starting can be substantially shortened next time by memorizing each compensation 
data in the first storage section 107, the second storage section 110, and the third storage 
section 127. 
[0030] 

[Effect of the Invention] In order to compute in the nonlinear compensating circuit which 
compensates the nonlinear characteristic of power amplifier by using count of a nonlinear 
reverse property only about a signal level representation point, and using interpolation about the 
signal level of a deed and others according to this invention, the cutback of the storage capacity 
in high-speed-operation-izing of a compensating circuit, the cutback of circuit magnitude, and 
the storage section can be aimed at, and there is no need for a special test signal. Since it is 
always supervising using a local demodulator even if it furthermore changes the property of 
power amplifier by temperature, secular fluctuation, etc., fluctuation can be followed. Moreover, 
by having a digital local demodulator, detection and compensation are possible to accuracy in the 
quadrature modulation error resulting from the circuit element deflection of an analog quadrature 
modulation machine, and a special test signal is not needed like nonlinear compensation. Since 
the two above-mentioned compensating circuits are separately equipped with the storage 
section which carries out storage maintenance of the compensation value, at the time of a 
restart of operation, compaction of compensation time amount can be aimed at by initializing the 
compensation value which carried out storage maintenance. Moreover, since not both 
compensating circuits always need actuation, the cutback of power consumption can also be 
performed. 
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A^TS* 2 4«, «§|3l 2 8 0»J»te 

ft^Z^D^lB^IIis 1 1 efr&Oft*. iifcfcfcJB* 
2 2*^(Dfi^<Dif%C.^IFU AD^ 
&«1 2 5JcA7Tf So 

[0 0 2 2] ADg&gl 2 5ICj:t)"7*-f 
fc^iH§-s§fci:> ^SPx-c ^*;Ht3&gSSg§ 1 2 6{cfev^ 10 
Tfti#igi&£# (Yi) fcHJ*Dl2fi3«^ (Yq) 

U ^OS-Yi, Yq«#te, t*-*A£«1 0 6, fe«t 

cncaemsettttff i 1 2fcA*-rs e 

[0 0 2 3] X— ^ATjSPl 0 6fc:fcl,->T, p, Xi, 
Xq, Yr s Yq%A7}U fg— lEUgBl 0 7©gfciffl^ 
ttlOXA pi ( p i = ( i /N) 

P— , i =o~N) ©SB*1»«tef s -**»f?&A/*? 

£><<, otffii o 7 o^aaitflnaAHitfiisti^ 
j&t-, si-Mfiggp i o 8 ic^r^-mm^ 1 07of 

(Xi, Xq, Yi, Yq) *tUW*o £fcffi#t£ft«g|5 

1 0 9tfe^tfe, A# W;W^fif P i -evim&m 

<ftte.<Dm®l%fr (ai) £tt3&^ (a Q ) %SfcHL, tB 
— EMBl 1 0fc«^iXtro mz^iBWi 1 1 {cfco-. 

tv jgzuBflfffii 1 0 icm^^txtcxti KAftii 

p i TOai, aufcMHU 1 0 4fftffiLftAAff 

»c*«>fcA*«#xi. x Q k:3trs*»^5fi»we«: 1 0 

l/\ ^Jf-fXh->3>lIfI^X' I, X' q^ffi 30 

[0 0 2 4] ^fcHSJEffl^TBl©?*— *A2J«P1 

0 6{coi/^T<o^ssMo^B>§?:-r«o S4tc*3v^T, m 

mmft (Xi) A*fi^4 0 1, fcitfUS^^ (Xq) A 
**B4 0 2 ±0A^JUfc«-Xi, XqW\ m-fi^iiEgP 
4 0 3 (Cfe^T> ffiTjffi-SfATjSffii 4 0 6 <t <3 jfgBx-f 5> 
^;l/*^l@gP4 0 7 fc:frLTA;fr-f 5ffift|s]*B/£# 

(Yi) tm^IfiS^ (Yq) fc^ia-&t>-&«rfr3o B» 
Pal-S-tJ^fT^/cXi, Xqfci, U-^HSffiglHCA^U 

ffiX'J— * a= (Yq-X* q) /X* 

[0 0 2 8] $fc^ffibfc&@^a, b&, ffiisBBS? 

6 0 6tcA7J-r^o ItStf^-fev H*fctiW6 0 7 
fCfel^TYi, YqM:, Ste^SJClHWSn. Yk Y Q tf 

t7t7hS«S«(dU dq) tbTlt3SEKSffl««P so 
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A*«#U^;l/p«r*4&So pit OfrSSAA^L^ 
;b p« Flt'Cffi jfttDft^ £ *) , XtliE^ p <D^ 

fttBB^HSflll (ip=p«/N, NttffiBcfflQ CN 
#»JLTfe < o SfcJS— fBHSB 4 0 8(t H 5 ? tc 
8BtS^*0^e>N*T*<^ (N+l) <I(c£fiJLT3o 

<o 

[0 0 2 5] efiffiffifmiaieS 4 0 5lC<fcoT\ A7J 
«#U^p<E>ffi*spJI0rU (i-0. 5)Ap<p< 
(i+0. 5) A p £:%&i§-{ii (p, Xi, Xq. Yi, 

Yq) *m-mmffl4 o 8<o 1 *iSBttfl*#*ci&wu 

3fefc«-&(c(i, gflBO-r— ^©A^fi-sf l^l/p^lt® 
L, P-s/M^{ip i = i A pfCjfi^77(DT f — 

[00 2 6] ^(CS 1 <D*SEKH«lffi» 1 1' 2 Kfe^ 

^;^^Q.IiJi@^-&fc•^±ii*L/cX , 1, x' Q im7j« 
^mmmmmmi 1 3^A7jLT7^n^it^w§§ 

[0 0 2 7] B6fc*^T ( CX' 1) A73^ 

6 0 1, mZJ&ft (X' q) A73S^6 0 2^XAtfe 

&mm±, ^— ff^-jgggp 6 0 3 t*^MM«sP6 0 

6fcA2rr5o Sfcffi^Hffl^ (Yi) A7JS^6 1 

0, ffl^jtt^^ (Yq) A7a^6 1 

«^«, SifSiEMtgP 6 0 5 titgg^-^ir^ K^tBg|56 

0 7{cA73-TSo X' i, X' q{±, ^-■fl^-3iSg|5 6 0 

3tefeVTYi, Yq t(Dmm^t>^^\ \M.-$.V—t 

mmmwitiiffl 6 o 4 kaw*. is«cE«{b»6 0 5 

Yi, YqtX* 1, X' QOfiffltflS^tefcSJ^fcliEai 
ft^tlSc ItSU-^ffiifg{SM^aig|5 6 0 4fcfe^TY 

1, Yqi:X' 1, X' q^rTISO^ffl^T, Hffi^^W 

iisw^teainttritSEy— ^ (a) nfflm^o® 

ffifflU (b) ^r^tti-rSo fip-5, 

1 mmmm b = Yi/x' 1 

6 0 6fcA77-rs„ mzammmifts oet^TSi 

{gfll (a, b, d i , d q) ^rffll/\ X' i, X' qOffi 

««frt\ «H*B*nti^a*«(}6 0 s, mmmmt 

=fB1Sg|5 6 1 2^§BH««fU B!W^tci±aH1t«SfU 
[0 0 2 9] ytlcm 1 <Dfflffl%$ 1 2 8{C.f3^§, jt^S 

mmmmm, -13 ± mmm^mco^smmmc^ - rmm 
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ggpi 07, s-sa«spi 1 0. *j«fct«(s=«Bit»i 2 

[0 0 3 0] 

tt*»«"r«iM«KiMiiitttefev'»T, mmm<&V£<D 

itS^i^t 1^<;H?SjS i^T ©2tfr<<\ ^ Officii 
[Ell] *»WOi«S^t7n«y*H. 



12 

[14] r-'-^xti^om^^-ty'oy i?a 

[0 5 ] K— IBtt tf OttbSBo 

[in 6 ] m^mmmmmom^mm^m-r^ tat> 
101, 201, 401: m&i$.ttxt)iQ, 102, 

2 0 2, 4 0 2: |4£/«#A2j*ft. 1 0 3. 4 0 3: 
3i— «-^a®SPs 1 0 4, 4 0 4: K;M£ffig|3, 

io5, 203: mmmm^, 1 o 6 : f"—$\±i 

gp s 1 0 7, 4 0 8: ^— IBtftSP. 108: lg— *i 
HSU. 10 9: j£ttttgf-9H& 1 1 0 : ^-SH« 



111: 
1 1 3, 



|g-|f » 112: m^mmmta 



6 0 6: tfi^Mlf 114,2 
1 1 5 S 2 0 6: Ifi3£ 
2 0 7: 

118:: 



0 5 : mXd&HHD A&SMk 
J«^fflD Afflftll, 116, 

tarn, 117: gsmuaaga.. 

^gPfglgiH, 1 1 9, 2 0 8: nttmm^ 1 2 

0 : TjlRJlS^-aiis 1 2 1, 2 0 9: RFM> 

122: 9.wmmte8m&&. 123: auM/gs^ 

ffigg. 12 4: «#^0#a5. 1 2 5, 3 0 4 : A D 

4 0 7: xV S?*;l/Bffitfr3£tfcHB* 1 2 
7 , 6 12: JBHEttffi, 128: 2 0 

4 : a*#'Klt»^s 2 1 0 : 7xn?'lt3£«SS£|5, 2 

1 1 : AD^gg, 2 12: 301 : -r 
S?*;l/!65S£iHSx 3 0 3 : D A^§§. 4 0 

5 : |g— IHttgPOTlHlSS, 6 0 1 : ISFfflfiK^A*^ 
6 0 2: fi£j£#A£«k 6 0 4 : 

mmm^tii^ 6 0 5 : S1RIE*I{&fl& 6 0 7 : 
It 7 -fey btttHBk 6 0 8: ffiflBBarafflfig^ffi 
6 0 9: ffi«B*lfiSfig«-ffl*4S, 6 1 0 : 
a^jRIffi^A^fiS. 6 1 1 : HJAlIS^E^X**. 
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